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Abstract
Functional processes in freshwater ecosystems are highly inﬂuenced by acidic conditions. Foodwebs are
aﬀected and macroinvertebrate species diversity is decreased. This study aims to investigate leaf decom-
position at very low pH in the acidic Banyupahit–Banyuputih river originating from the acidic crater lake
Kawah Ijen in Indonesia. Leaf decomposition experiments were carried out for 200 days in the acidic river
at pHs of approximately 0.7, 2.3 and 3.0 and in the neutral Kali Sengon river, using leaves from teak,
Tectona grandis, and bamboo, Bambusa sp. Two diﬀerent types of leaf packs were used: ﬁne mesh size
packs were used to exclude macroinvertebrates and coarse mesh size packs allowed macroinvertebrate
colonization. Clear diﬀerences in decomposition rate were observed between the neutral Kali Sengon and
the acidic Banyupahit–Banyuputih river with decomposition in the Kali Sengon river proceeding signiﬁ-
cantly faster for both leaf types. In the Kali Sengon k values (d)1) over 46 days were 0.0202 for ﬁne teak,
0.0236 for coarse teak, 0.0114 for ﬁne bamboo and 0.0151 for coarse bamboo. No signiﬁcant diﬀerences
were observed between the three sites in the acidic Banyupahit–Banyuputih river with k values of 0.0034–
0.0066 for ﬁne teak, 0.0002–0.0057 for coarse teak, 0.0029–0.0054 for ﬁne bamboo and 0.0000–0.0068 for
coarse bamboo. Moreover, no clear adaptation of macroinvertebrates or microbes to low pH conditions
could be detected. The coarse mesh leaf packs in the neutral Kali Sengon river revealed that macroin-
vertebrates are important in the breakdown process. Fine mesh packs revealed that microbial activity is
depressed under acidic conditions. Based on this evidence, we conclude that the toxicity at low pH con-
ditions, and probably also the precipitation of metals on the leaf material, seriously aﬀects leaf decom-
position.
Introduction
Leaf litter decomposition is a key ecosystem-level
process in most aquatic systems (Hieber & Gess-
ner, 2002) and riparian vegetation constitutes a
major food and energy source (Giller & Malmq-
vist, 1998). In acidic aquatic systems the pH has a
great eﬀect on the structure and functioning of the
ecosystem (Clements & Newman, 2002). Accu-
mulation of organic material in acidic waters has
been demonstrated in several studies (Maltby,
1996) and the depression of leaf litter decomposi-
tion under acidic conditions causes a reduction of
energy ﬂow through the ecosystem (Mulholland
et al., 1987).
Three processes lead to leaf litter breakdown:
shredders break down litter by their feeding
activity; fungi and bacteria mineralize litter, and
physical processes like leaching and abrasion
contribute to litter mass loss (Niyogi et al., 2003).
These processes are aﬀected at low pH conditions
and lead to a decrease in leaf litter decomposition.
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At low pH the toxicity of both high H+ concen-
trations and high dissolved metal concentrations
often leads to a decrease of both microbial and
macroinvertebrate diversity (Gerhardt, 1993;
Tuchman, 1993; Rothschild & Mancinelli, 2001).
Nevertheless, it is diﬃcult to indicate what exactly
causes the stress under low pH conditions since
these features frequently co-occur (Allen & Han-
sen, 1996; Orendt, 1999). Lower microbial activity
can indirectly lead to a decrease in macroinverte-
brate diversity due to reduced food quality
(Groom & Hildrew, 1989; Dangles & Gue´rold,
2001) and a decrease in palatability of decompos-
ing leaves (Kok & Van der Velde, 1994). Diﬀer-
ences in ecosystem functioning have been observed
depending on the origin and age of acidic aquatic
systems. Dangles et al. (2004b), for example, found
no diﬀerences in taxonomic richness of benthic
invertebrates between old natural acidic streams
(pH>3.97) and neutral streams in Sweden. How-
ever, lower diversity was found for a relatively
young acidic system, subjected to recent anthro-
pogenic acidiﬁcation as a result of atmospheric
deposition (Dangles et al., 2004b).
Systems impacted by acid rain have a pH>4,
and the more acidic brown water systems, with
high concentrations of organic acids derived from
decomposing vegetation (Winterbourn & Mc
Diﬀet, 1996), rarely result in environments with
pH values below 3 (Gross & Robbins, 2000).
More acidic systems include waters of anthropo-
genic origin, e.g. acid mine drainage (AMD), or
of natural origin, like volcanic lakes and streams.
Natural volcanic acidic systems and AMD are
both characterized by extremely low pH, accom-
panied by high concentrations of metals and
other elements that have evident impacts on local
community structure (Townsend et al., 1983).
Few investigations have focused on leaf litter
decomposition in extremely acidic aquatic
systems of natural origin, although several studies
on leaf litter decomposition in AMD systems
have been carried out (Carpenter et al., 1983;
Niyogi et al., 2001). Although acidic systems of
volcanic origin chemically relate to AMD
systems, they are generally much older which may
lead to selection for unusual functional adapta-
tions (Dangles et al., 2004a). Macroinvertebrates
and microbes thus may show a higher level of
adaptation possibly resulting in a higher diversity
and signiﬁcant eﬀects on leaf litter decomposi-
tion.
The aim of this study was to investigate the
impact of extremely acidic water of volcanic origin
on leaf decomposition rate in an acidity gradient,
pH0.52–3.83. Experiments were carried out at three
sites (Liwung, Blawan and Paltuding) in the
Banyupahit–Banyuputih river, a natural acidic
river originating from the acidic crater lake Kawah
Ijen in East Java, Indonesia. The neutral river Kali
Sengonwas used as a reference. To evaluate the role
of macroinvertebrate communities in the decom-
position of diﬀerent leaf species, the decomposition
rate of two common leaf types of the area, bamboo
(Bambusa sp.; Poaceae) and teak (Tectona grandis;
Verbenaceae), were studied, using coarse and ﬁne
mesh-size packs.
Material and methods
Research area
The Banyupahit–Banyuputih river is a 50 km long
acidic river in East Java, Indonesia, originating
from seepage water from the Kawah Ijen crater
lake, the World’s largest natural reservoir of
extremely acid (pH<0.3) volcanic water. Experi-
ments were carried out at three sites with varying
pH in the Banyupahit–Banyuputih river, desig-
nated by their local names as Paltuding, Blawan
and Liwung (Fig. 1). A reference site was chosen
in the nearby neutral Kali Sengon river which is
located 1 km from the conﬂuence with the Ban-
yupahit–Banyuputih river. For a detailed descrip-
tion of the research area, see Lo¨hr et al. (2005).
Water quality parameters
At each site, on all sampling dates, pH (SenTix 41,
WTW), temperature (SenTix 41, WTW), conduc-
tivity (TetraCon 325), oxygen concentration (Cel-
lOx 325) and redox potential (SenTix ORP) of the
river water were measured using the Multi-line P4
(WTW) aquatic ﬁeld kit. To ensure maximum
reliability of pH measurement, the pH electrode
was calibrated in between each measurement at the
most acidic sites. An extensive physico-chemical
description of the research area is also given in
Lo¨hr et al. (2005).
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Leaf decomposition
Leaves of teak (Tectona grandis; Verbenaceae) and
bamboo (Bambusa sp.; Poaceae), two common
species in the research area (Perum Perhutani,
1998), were used in the experiment. Teak and
bamboo leaves were collected from trees near
Liwung, on the banks of the Banyupahit–Ban-
yuputih river, in March 2002. Only undamaged
leaves were picked. After collection the leaves were
air-dried to constant weight for one day. For the
leaf packs, teak leaves were cut into ribbons but
bamboo leaves were used complete. Teak leaves
were weighed to portions with a ﬁnal weight of
7 g, bamboo leaves to a ﬁnal weight of 5 g. Both
leaf types were placed into two types of packs:
coarse-mesh packs (mesh size 5 mm) and ﬁne-
mesh packs (mesh size<1 mm).
Four diﬀerent pack types were tied together
resulting in 4-pack-units consisting of coarse teak
(CT), coarse bamboo (CB), ﬁne teak (FT) and ﬁne
bamboo (FB). An additional 10 packs of each pack
type were used to estimate the initial dry weight.
The line to which the packs were attached was tied
to pegs driven in the river bank. At each site 15 4-
pack units were submerged at three diﬀerent loca-
tions about 3 m apart, with ﬁve replicates per
location. One of the replicates at each location per
Figure 1. Map of the Ijen ecosystem, showing the crater lake Kawah Ijen, the acidic Banyupahit–Banyuputih river and the neutral
river Kali Sengon. The triangles indicate the litter incubation sites in the acidic river (Paltuding, Blawan, and Liwung) and in the
neutral Kali Sengon.
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site was collected after 2, 14, 32, 46 and 200 days,
respectively. Prior to analysis the coarse packs were
placed in 70% ethanol; ﬁne packs were put into
plastic bags and stored at 4 C. Remaining leaf
mass was determined for every pack. The leaves
were gently washed with water in the lab, dried for
72 h at 60 C and weighed.
Dried leaves were transported to the Nether-
lands, pulverized using a Retsch S2 ball mill and
carbon: nitrogen ratios were determined with an
elemental analyser (Carlo Erba model 1106). To
determine ash weight, the pulverized leaves were
transferred to crucibles, placed in a stove at 100 C
for 14 h and weighed. Subsequently, crucibles were
placed in a furnace for 1 h at 200 C, 1 h at 350 C
and 6 h at 500 C and weighed again.
Macroinvertebrates
During the washing of the leaves from the coarse-
mesh packs, macroinvertebrates were separated
from the leaves and preserved again in 70% eth-
anol. Macroinverebrates were identiﬁed to the
lowest possible taxonomic level according to De
Pauw & Vannevel (1991) and Tachet et al. (2000).
Data analysis
Dry weight loss was calculated for each leaf pack
and expressed as a percentage of the initial weight.
Leaf decomposition rates (k) per day were calcu-
lated from linear regression of ln W (W=dry
weight) against exposure time (days) with initial
weight (Wi) ﬁxed. To compare the results, a gen-
eralized likelihood ratio test (GLM) was used to
test for diﬀerences in the slope parameters of the
diﬀerent sites for each diﬀerent leaf pack. Since
temperature may aﬀect litter decomposition rates,
decomposition rates were also calculated on a
basis of physiological times, assuming that no
decomposition takes place at a temperature below
zero. By plotting ln W as a function of physio-
logical times (degree days), leaf decomposition
rates (k) per degree day were calculated for the
diﬀerent sites and also compared using the GLM
as described above. Calculations were run in
SYSTAT 5.2.1. on a MacIntosh computer.
Results
Water chemistry
Chemical and physical data of the Banyupahit–
Banyuputih and the Kali Sengon river water dur-
ing the research period are given in Table 1. pH
was very low at the most acidic site Paltuding
(between 0.52 and 0.73). The dilution with the two
neutral tributaries caused an increase in pH,
at Blawan (between 2.15 and 2.67) after the
Table 1. Physicochemical characteristics and element concentrations of the Banyupahit–Banyuputih and Kali Sengon river water of
incubation of the leaf material in the decomposition experiment (data are ranges measured at days 2, 14, 32, 46 and 200)
Parameter Paltuding Blawan Liwung Kali Sengon
pH 0.52–0.73 2.15–2.67 2.26–3.83 7.33–7.74
Conductivity (mS/cm) 101–125 2.54–4.69 1.18–2.39 0.97–1.03
Temperature (C) 18.2–22.7 21.6–23.5 21.6–25.8 21.8–24.3
Redox potential (mV) 455–469 483–530 396–547 107–148
SO4* (mg/l) 29,600–37,300 966–1270 800–967 246–297
Cl* (mg/l) 7300–10,200 237–367 180–247 70.3–123
F* (mg/l) 274–498 8.11–17.7 5.89–11.2 1.38–2.05
Al* (mg/l) 2740–3570 78.1–124 47.9–68.4 0.240–0.689
Fe* (mg/l) 1450–1780 17.9–42.1 2.52–21.4 0.00–0.04
Zn* (mg/l) 1.83–2.77 0.11–0.33 0.15–0.31 0.02–0.24
Cu* (ug/l) 558–707 26.7–36.5 11.5–25.0 1.81–10.6
Dissolved oxygen* (mg/l) 7.23–7.72 7.38–8.26 7.83–8.46 7.50–8.56
Discharge* (m3/s) 0.1 3.12 1.21
Average ﬂow velocity* (m/s) 0.64 1.39 1.39 0.94
* From Lo¨hr et al. (2005).
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conﬂuence with the Kali Sat and at Liwung (be-
tween 2.26 and 3.83) after the conﬂuence with the
Kali Sengon (between 7.33 and 7.74). Conductivity
values were very high for Paltuding (101–125 mS/
cm) and decreased with increasing pH. The same
pattern was observed for redox potential values.
Water temperatures did not vary much but were
slightly lower at the acidic site Paltuding when
compared to the other three sites. No diﬀerences
were observed in oxygen levels between the four
sites. Element concentrations are given in Lo¨hr
et al. (2005) and summarized in Table 1. In
general, extremely high concentrations of sulphate,
chloride, ﬂuoride, aluminium and other elements
were found at the most acidic site, and concen-
trations decreased with increasing pH. Discharge
was small at Paltuding (0.1 m3/s), greater in the
Kali Sengon (1.21 m3/s) and greatest in Blawan
(3.12 m3/s). Flow velocities were highest in Blawan
and Liwung, followed by the Kali Sengon and
lowest in Paltuding. There was no obvious trend of
changes in water chemistry during the incubation
of leaf packs.
Leaf decomposition
Leaf weights decreased to 30% (teak at Kali Sen-
gon) or to 80% (bamboo at Paltuding) of the ini-
tial weight over 46 days (Table 2). Despite
variability, linear regression applied to ln dry
weight showed signiﬁcant diﬀerences in decom-
position rate for the two leaf types; bamboo leaves
had lower decomposition rates than teak leaves in
each leaf pack type (Fig. 2). Also great diﬀerences
between the acidic sites and the neutral Kali Sen-
gon were observed for each pack-type.
Decomposition rate k over 46 days was fastest
in the neutral river Kali Sengon for all pack types
(Table 3). Decomposition rates k at the acidic sites
were two to three times lower than in the neutral
Kali Sengon river, a diﬀerence that was signiﬁcant
(C23 > 7.84; p<0.05). No signiﬁcant diﬀerences
Table 2. Per cent (%) DW loss (average (±SD) of 3 replicates) for the four diﬀerent pack types over 200 days in the Banyupahit–
Banyuputih river (Paltuding, Blawan and Liwung) and in the Kali Sengon river (if no SD is given there was only 1 replicate)
Time (days)
2 14 32 46 200
Coarse Bamboo
Paltuding 16±1.81 17±6.03 13±6.03 17±2.13 36±2.19
Blawan 14±2.68 16±5.99 23±4.67 25±6.53 29
Liwung 9±1.97 16±1.47 22±2.11 34±3.74 45±13.9
Kali Sengon 14±8.36 34±7.46 48±1.90 57±0.20 97
Coarse Teak
Paltuding 39±2.50 41±9.65 31±4.21 43±4.00 47±10.1
Blawan 32±7.03 28±14.4 47±15.1 40±11.0 42
Liwung 29±14.3 52±2.66 44±2.99 51±1.29 59±13.6
Kali Sengon 27±11.5 48±11.6 61±12.9 76 84
Fine Bamboo
Paltuding 7±4.53 13±2.66 12±0.58 20±7.35 29±12.9
Blawan 3±4.33 16±5.27 19±6.50 25±3.38 20
Liwung 3±2.36 10±3.35 21±1.18 16 39
Kali Sengon 14±4.02 30±2.73 41±4.17 49±4.53 76
Fine Teak
Paltuding 18±3.51 44±2.21 44±1.81 37±2.61 45±0.32
Blawan 24±15.9 35±17.5 49±3.90 30±1.82 22
Liwung 16±0.52 44±4.33 38±10.4 43±3.65 56±5.11
Kali Sengon 8±4.72 46±21.1 48±14.9 67±5.34 64
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in decomposition rates for all leaf pack type were
observed for the three acidic sites (C22<5.99).
Another interesting feature is the large weight loss
of especially coarse teak observed already after
2 days of incubation at all 4 sites. When com-
pensated for initial weight loss over the ﬁrst 2 days
ﬁt clearly increased (Table 3) and decomposition
rates k at the acidic sites were two to six times
lower than in the neutral Kali Sengon river
(Table 3). For both coarse packs from Paltuding k
was much lower which is caused by the relatively
higher initial loss when compared to the ﬁne
packs at Paltuding. Correcting for temperature
diﬀerences by expressing time as degree days did
not aﬀect the diﬀerence in decomposition rates
between the acidic sites and the neutral Kali
Sengon (Table 3).
In addition weight loss data after 200 days are
given (Table 2). No large diﬀerences were ob-
served in % DW loss of bamboo between the
coarse and ﬁne mesh size packs over 200 days for
the acidic sites Paltuding, Blawan and Liwung.
For the neutral river Kali Sengon also no large
diﬀerences were observed for the ﬁrst 46 days but
% DW loss diﬀered signiﬁcantly (t-test, p<0.005)
after 200 when it was 97% for CB and 76% for
Table 3. Decomposition rates of bamboo and teak leaves in coarse and ﬁne bags in the acidic Banyupahit–Banyuputih river (Palt-
uding, Blawan and Liwung) and the neutral river Kali Sengon
Site Coarse Bamboo Fine Bamboo Coarse Teak Fine Teak
k (d ) 1) r2 k (d ) 1) r2 k ( d )1) r2 k ( d )1) r2
A
Paltuding 0.0049 0.71 0.0052 0.21 0.0138 0.59 0.0146 0.15
Blawan 0.0072 0.44 0.0067 0.89 0.0149 0.17 0.0133 0.03
Liwung 0.0090 0.90 0.0052 0.70 0.0186 0.09 0.0149 0.35
Kali Sengon 0.0196 0.92 0.0159 0.87 0.0313 0.90 0.0242 0.88
B
Paltuding 0.0000 0.00 0.0029 0.80 0.0002 0.00 0.0050 0.14
Blawan 0.0032 0.98 0.0054 0.91 0.0050 0.49 0.0034 0.15
Liwung 0.0068 0.96 0.0037 0.67 0.0057 0.40 0.0066 0.46
Kali Sengon 0.0151 0.99 0.0114 0.98 0.0236 0.98 0.0202 0.87
C
Paltuding 0.0002 0.68 0.0002 0.66 0.0007 0.59 0.0007 0.15
Blawan 0.0003 0.44 0.0003 0.90 0.0007 0.17 0.0006 0.03
Liwung 0.0004 0.90 0.0002 0.70 0.0007 0.09 0.0006 0.35
Kali Sengon 0.0008 0.92 0.0007 0.87 0.0013 0.90 0.0010 0.88
D
Paltuding 0.0000 0.00 0.0001 0.80 0.0000 0.00 0.0003 0.29
Blawan 0.0001 0.98 0.0002 0.91 0.0002 0.49 0.0002 0.15
Liwung 0.0003 0.96 0.0001 0.67 0.0002 0.40 0.0003 0.46
Kali Sengon 0.0006 0.99 0.0005 0.99 0.0010 0.98 0.0009 0.87
Estimates of k were obtained by linear regression of natural logarithm of remaining dry weight versus time. (r2=r squared values of
linear regression trendline).
A: values calculated using all data over 46 days.
B: values calculated omitting t=0 data.
k values based on physiological time (degree days).
C: A: values calculated using all data over 46 days.
D: values calculated omitting t=0 data.
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FB. Also no large diﬀerences were observed in %
DW loss between CT and FT for the acidic sites
Paltuding, Blawan and Liwung, but teak decom-
position was higher for coarse mesh packs over
200 days at the Kali Sengon when % DW loss was
84% for CT and 64% for FT. From Table 2, it
may also be concluded that except for bamboo in
the Kali Sengon, litter weight loss over the period
between 46 and 200 days was low compared to
that in the ﬁrst 46 days. In some cases, no further
weight loss was recorded in the last incubation
period.
Upon visual inspection, leaf packs from Bla-
wan and especially Liwung seemed to get covered
with some precipitation of metal oxides. To
determine a possible eﬀect of this on mass loss
measurements, ash-weight of litter samples was
determined by combustion of the dry litter at
Figure 2. Decomposition expressed as the dry weight (ln DW (g)) loss with time of bamboo and teak leaves enclosed in coarse and ﬁne
meshpacks and incubated in the acidic Banyupahit–Banyuputih river and the neutral Kali Sengon river for 46 days.
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500 C. In the Kali Sengon, litter ash weights
ﬂuctuated with time and so did ash-weight of all
coarse teak at the acidic sites. For the other three
litter types, ash-weight in the acidic sites did show
a consistent increase with time over the ﬁrst
32 days from 15–20% to 26–27%, but stabilized or
decreased again after 46 days. However, when k’s
where compensated for this no large diﬀerences
were observed.
Carbon/ nitrogen ratios
C:N ratios measured at the start of the experi-
ment were 20.9 (SD 0.78; n=10) for teak leaves
and 17.6 (SD 0.55; n=10) for bamboo leaves.
C:N ratios of teak leaves slightly decreased in the
ﬁrst two weeks but remained fairly constant later
on. C:N ratios of bamboo leaves showed a slight
increase with time. No diﬀerences were observed
between sites or leaf pack types.
Macroinvertebrate colonization of leaf packs
Already after 2 days, colonization of coarse leaf
packs was observed in the neutral Kali Sengon
river. At all sampling dates macroinvertebrate
densities were less than 100 specimens per 2 or 3
packs. Chironomids (family Chironomidae) were
the most dominant group found in both the teak
(74–96%) and bamboo (65–95%) leaf packs. Few
specimen of other macroinvertebrate taxa were
found: in teak packs members of the orders
Coleoptera and Ephemeroptera and of the families
Lymnaeidae, Talitridae, Potamonidae, Elminthi-
dae, Perlodidae, Hydropsychidae, Culicidae and
Limoniidae were found; in bamboo packs mem-
bers of the orders Oligochaeta and Ephemeroptera
and of the families Lymnaeidae, Talitridae, Pota-
monidae, Perlodidae, Hydropsychidae, and
Limoniidae were found. No large diﬀerences in
colonization of macroinvertebrate species or
numbers were observed between teak and bamboo
packs. In sharp contrast, no colonization of leaf
packs was observed for the most acidic site Pal-
tuding and the acidic site Blawan. At Liwung some
chironomids were found but in very low numbers
and two specimen of the order Coleoptera in the
teak leaf packs.
Discussion
Our results clearly show that leaf litter decompo-
sition is slower at the acidic sites in the Banyupa-
hit–Banyuputih river in comparison to the neutral
Kali Sengon river. This is in accordance with other
extreme acidic systems, e.g., AMD, where leaf lit-
ter decomposition is depressed (Carpenter et al.,
1983; Niyogi et al., 2001; Siefert & Mutz, 2001).
Dry weight loss in the ﬁrst two days was fast,
which is in agreement with other studies with pre-
dried leaves showing 5–30% DW loss in the ﬁrst
2 days, probably caused by leaching (Maltby,
1996; Giller & Malmqvist, 1998).
The decomposition rates of bamboo are low
and are in the range of values found for other
members of the grass family Poaceae (Giller &
Malmqvist, 1998), although the decomposition
rates in the neutral river were rather high. On
average, decomposition was two to three times
slower in the acidic Banyupahit–Banyuputih river
than in the neutral Kali Sengon river and slightly
lower when initial loss due to leaching was taken
into account. Despite diﬀerences in pH and metal
concentrations, no signiﬁcant diﬀerences were
observed between the three acidic sites.
Decomposition rates for both leaf types at low
pH were still fairly high when compared to other
acidic systems (Siefert & Mutz, 2001; Niyogi et
al., 2001). The decomposition rate for bamboo
leaves was lower than for teak leaves but these
diﬀerences are in accordance with variances in
decomposition rates between plant species (Mills
et al., 2001).
In the Kali Sengon river a larger diﬀerence in
decomposition rates between the ﬁne mesh packs
and coarse mesh packs was observed for both leaf
types when compared to the acidic sites. Bamboo
and teak leaf packs in the neutral Kali Sengon river
were colonized by several macroinvertebrate taxa,
among which chironomid larvae were dominant.
However no density increase in macroinvertebrate
abundance over time was observed, which diﬀers
from the results of Dudgeon &Wu (1999). No large
diﬀerences were observed between the coarse and
ﬁne packs from the acidic sites and we therefore
conclude that the diﬀerences in k rates between
coarse and ﬁne mesh packs in the neutral Kali
Sengon river can be explained by the decomposi-
tion activity of macroinvertebrates.
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In contrast to the neutral Kali Sengon, only
chironomids were found in very low numbers at
Liwung and no macroinvertebrates were present at
Blawan and, obviously, at Paltuding, the most
acidic site. Lower macroinvertebrate diversity, and
the absence of shredders, are common in acidic
streams (Wren & Stephenson, 1991; Gerhardt,
1993; Dangles & Gue´rold, 1998) although macro-
invertebrate species have been found in environ-
ments with pHs lower than 3 (Winterbourn & Mc
Diﬀet, 1996). Results from an extended macroin-
vertebrate survey in the Banyupahit–Banyuputih
river reported chironomids from both Blawan and
Liwung. These chironomids were identiﬁed as
belonging to the genus Polypedilum (subfamily
Chironominae) at both Blawan and Liwung; at
Blawan members of the genus Chironomus sp.
(subfamily Chironominae) and Rheocricotopus sp.
(subfamily Orthocladiinae) were also found.
Members of the genus Polypedilum were not found
earlier in acidic streams (Orendt, 1999), but
members of the genus Chironomus were (Green &
Kramadibrata, 1988). Chironomids may be the
only shredders present in acidic environments as
was observed at pH 4.0 (Tuchman, 1993). How-
ever, the chironomids collected earlier at Blawan
and Liwung were sediment dwelling organisms
and it is unclear if they belong to the shredder
functional group. So the inﬂuence of shredders in
the coarse packs at the three acidic sites is proba-
bly insigniﬁcant. The hypothesis that macroinver-
tebrates may have adapted to the old acidic
environment, in particular shredders involved in
leaf litter decomposition, cannot be conﬁrmed by
our results.
In acidic environments microbial activity can
be depressed (Groom & Hildrew, 1989; Berming-
ham et al., 1996), and fungal growth as well as
bacterial activity are often depressed under acidic
conditions (Gross & Robbins, 2000). Low pH does
not always relate to microbial respiration rate, as
was reported from AMD streams (Niyogi et al.,
2001). However, a cultivation-independent ﬁnger-
printing method revealed lower microbial diversity
for the Banyupahit–Banyuputih river than for the
Kali Sengon river (Lo¨hr, unpublished data). Also
metabolic capacity, e.g. the capability to use car-
bon sources measured using Biolog EcoPlates, was
much lower at the most acidic site Paltuding than
at Blawan and Liwung. We therefore conclude
that the diﬀerences in microbial composition and
activity caused the higher decomposition rate in
the Kali Sengon river in the ﬁne leaf packs. It was
expected that breakdown rates at the moderately
acidic sites would be faster than at the extremely
acidic site, because of the higher microbial activity
found with the Biolog EcoPlates, but diﬀerences
were small. It is known that microbial respiration
can be aﬀected by the deposition of metal oxides
(Niyogi et al., 2001) and ferric hydroxide aﬀects
microbial colonization, especially aquatic hypho-
mycetes, at pH 2.8 (Siefert & Mutz, 2001). Along
the entire stretch of the Banyupahit–Banyuputih
river solid phases may precipitate in response to
changes in pH. A whitish suspension is formed
between the Kali Sat and Kali Sengon that consists
mainly of an amorphous aluminium hydroxysul-
fate precipitate (Delmelle & Bernard, 2000). This
precipitate may settle under quiet conditions, but
part of it will also be transported downstream in
suspension. Below the junction with the Kali
Sengon a reddish veneer is frequently observed to
cover rocks and pebbles in the riverbed, suggesting
that much of the dissolved iron is precipitated as
(oxy)hydroxide compounds. It is therefore possible
that the precipitation at Blawan and Liwung
inhibits the settlement of microorganisms, which
resulted in leaf litter decomposition rates compa-
rable to those at Paltuding.
The lower microbial activity might also partly
explain the low abundance of shredders at Blawan
and Liwung since they prefer leaves that are colo-
nized by microorganisms, i.e. conditioned leaves,
which are more palatable (Barlo¨cher & Kendrick,
1975; Giller &Malmqvist, 1998). In an AMD study
at low pH, 72% of leaf litter breakdown related to
metal oxides and increased concentrations of Zn
(Niyogi et al., 2001). Although zinc concentrations
are lower in the Banyupahit–Banyuputih river than
from the AMD, high metal concentrations also
play an important role in the regulation of the
aquatic community in the Banyupahit–Banyuputih
river. We conclude that the aquatic community of
this volcanogenic river is impacted by multiple
stress factors. Its functioning is directly or indi-
rectly aﬀected by these factors as is observed from
the leaf litter breakdown experiments. Moreover,
the low pH and high load of metals have serious
eﬀects on the energy supply of the river ecosystem.
Leaf decomposition rates were lower in the acidic
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Banyupahit–Banyuputih river than in the neutral
Kali Sengon river and diﬀerences between the three
acidic sites were small. The diﬀerences in decom-
position rates can be explained by a decrease of
shredders in the coarse leaf packs and by reduced
microbial activity at low pH.
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